Abstract
expressed numerically by fuzzy sets. Each set is characterized by a membership function 171 ranging between [0, 1], where 0 represents a non-member, and 1 denotes a full member. FSE 172 is one application of the fuzzy multicriteria decision-making techniques considered suitable for 173 this research (Hsiao, 1998) . 174
175
A major advantage of FSE is that the analysis does not require a statistically significant sample 176 size (Li et al., 2000; Ameyaw and Chan, 2015b) . The input data in FSE analysis are based on 177 experts' perceived value judgements. FSE synthesizes various individual elements of an 178 evaluation into an aggregated index (Khatri et al., 2011) . The simplicity of the FSE is that 179 experts' judgements are required for only the sub-criteria (lower-level attributes), whose 180 membership functions are used to derive the membership functions of the upper-criteria 181 (higher-level attributes). This alleviates the need for a complicated questionnaire design. 182
183
Further, given its theoretical basis in fuzzy set theory (Zadeh, 1965) , the FSE approach to risk 184 assessment extends to subjective and uncertain phenomena (Boussabaine and Elhag, 1999) ; 185
Fuzzy set theory was originally developed to handle these concepts with ease (Jato-Espino et 186
al., 2014). Subjectivity stems from unavailable and incomplete information surrounding risks 187
and the project itself, and the partial ignorance of decision makers (Sadiq and Rodriquez, 2004) . 188
The decision maker is unable to provide a precise numerical definition regards the degree of 189 exposure of the project to risks. Hence, the individual and collective impact levels of evaluated 190 risks on the project remain uncertain. The extent of subjectivity and uncertainty in risk 191 criticality assessment are modeled by linguistic values of a fuzzy nature, such as not critical, 192 very low criticality, moderate criticality, and high criticality (see Table 5 ). Linguistic values 193 provide a means to model "human intolerance for imprecision by encoding decision-relevant 194 information into labels of fuzzy set" (Boussabaine and Elhag, 1999) . The estimate of these 195 linguistic values is frequently based on the experience and know-how of the decision maker 196 from similar past projects and his/her knowledge on the present project. These linguistic values 197 are defined to suit the project context. In this study, a common language to describe risk 198 criticality is proposed (Table 5) (Table 3) . Prior to preparing a questionnaire, the shortlisted risks were presented to a 275 consultant (at Ghana's PPP Advisory Unit) for review and validation. The consultant was 276 invited because of his direct involvement in the preparation of the concession agreement and 277 risk-related negotiations, and has hands-on experience and specific knowledge on the NSDP. 278
He also has 30 years of experience of Ghana's water industry and was available and willing to 279 review the risks. Although the authors initially sought inputs from three practitioners, the other 280 two indicated their unavailability. However, a review from the above-mentioned consultant is 281 deemed sufficient given his participation, experience and knowledge on the project. The 282 consultant was asked to indicate the important financial risks that apply to the NSDP project. 283
Of the 25 risks short listed, 18 were verified and confirmed as 'significant' to the NSDP. Seven 284 risks (unpaid bills by customers, supporting utilities risk, design deficiency, land unavailability, 285 water theft by consumers, high bidding costs, and technology risk) were removed from the 286 checklist, because they were not significant for the NSDP. Table 3 presents and compares the 287 risks in the NSDP with those reported in the literature. It suggests that the shortlisted risks 288 facing the project compares well with previously reported risks. The 18 risks were then 289 formulated into a questionnaire for a survey. 290
291

Questionnaire survey 292
Project background -Nungua Seawater Desalination Plant (NSDP) 293
A questionnaire survey was conducted on the NSDP 4 to measure how the project participants 294 perceive the relative significance of the identified risks associated BOOT water supply projects 295 in Table 3 . This project is located in Ghana's capital city Accra and is selected because it is the 296 first large-scale water supply project tendered on a long-term BOOT contract in the country. 297
Therefore, the project provides a good example to further our understanding of risks. partnerships and serves as a centre of expertise) was approached to nominate participants with 317 a direct involvement in the NSDP. Although the size of the risk assessment team is small, 318 reliable assessment results is anticipated because the sample included top-level management 319 officials with direct decision making roles in the project. The seven participants were involved 320 in the preparation of contract documentation, risk-related negotiations and management of the 321 Table 4 summarizes the participant's profiles; two from the client organization (GWCL), two 324 from the local partner of the project (Hydrocol Ltd.), two from the PPP Advisory Unit, and one 325 from the utilities regulator (Public Utilities Regulatory Commission (PURC). Although 326 participants A and E have seven and four years of industry experience, respectively, they were 327 deemed fit to participate in the survey because of their direct involvement in and subsequent 328 knowledge of the NSDP project. The authors were not able to secure lenders' participation 329
NSDP. 322 323
given their location outside Ghana and time limitation. There was however, participation from 330 a local partner, Hydrocol Ltd. The participants were contacted ahead of time to explain to them 331 the requirements and the questionnaire instrument which was then sent at a later date. The 332 As part of the assessment exercise, a questionnaire instrument was prepared based on the 18 338 risk factors for the purpose of eliciting the participants' opinions on these risks. The 339 A seven-point scale ranging from "Not critical" (NC) to "Extremely critical" (EC) was adopted 351 for assessing risk criticality (see Table 5 ). These descriptive linguistic variables provided the 352 participants with flexibility and the ability to measure the risks objectively and reliably (Shang 353 et al., 2005) . They also helped to generate rankings of the risks and their membership function 354 sets (Chan, 2007) to quantify the criticality levels of the risks as well as and the overall risk 355 index of NSDP. Based on the perceived criticality ratings of the risk assessment team, the mean 356 criticality index, standard deviation, and criticality levels of the risks were calculated. The 357 means criticality scores were calculated using Eq. (4) 
Results obtained from FSE analysis 366
Feedback from the risk criticality rating exercise was collated and analyzed. The FSE was 367 adopted to quantify the impacts of the risks and to predict the financial risk level (FRL) of the 368 case project. Figure 1 illustrates the operationalization of the fuzzy methodology adopted. The 369 analysis provides a reliable and systematic method for evaluating and prioritizing the critical 370 risks associated with the project and consequently quantifying its risk index, in order to enable 371 a proactive project risk management. To assess the overall FRL of the NSDP project, both the 372 weighting and membership functions of each risk factor were derived. Both functions of the 373 risks were based on the ratings of the project participants according to the predefined 374 descriptive linguistic variables. A fuzzy operator (discussed in step 4 below) was employed to 375 process the weighting and membership function sets. FRL of the NSDP project contained 18 376 risks; thus, the multilevel and multifactorial fuzzy models (Li et al., 2000; Hsiao, 1998) were 377 used to calculate the membership functions of the risk factors, to form the single-factor 378 evaluation matrix (R) (or fuzzy relational matrix in Step 1: Establish the set of basic risks and letter grades for evaluation 386
The basic risks that affect the project are as follows (refer to Table 5 ): r1 = bankruptcy of 387 consortium member(s), r2 = unfavorable economy of the host country, r3 = tariff adjustment 388 uncertainty, and r18 = unfavorable economy of the country of the main stakeholders. Therefore, 389  = {r1, r2, r3, …, r18}. The set of qualitative classes (or linguistic variables) for the evaluation 390 is as follows: v1 = 'not critical' (NC), v2 = 'very low criticality' (VLC), v3 = 'low criticality' 391 (LC), v4 = 'moderately critical' (MC), v5 = 'critical' (C), v6 = 'very critical' (VC), and v7 = 392 'extremely critical' (EC). Therefore, V = {v1, v2, v3, v4, v5, v6, v7}. These linguistic variables 393 were used to maximize the extensive knowledge of industry respondents, thereby minimizing 394
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397
Step
2: Compute the membership function sets and impact scores of risks 398
The membership function set of each risk can be derived by using fuzzy mathematics 399 based on the value judgment of the respondents. Given the seven linguistic variables in Step 1, 400 the membership function set of a particular risk is obtained through Equation (1) (4) is that the risk criticality rating has drawn on the expert judgment of the respondents using 416 linguistic values (which can be considered an ordinal measurement system) and is 417 representative of the risk assessments of the respondents. Step 1 (v1, v2, v3, v4, v5, v6, and v7) with the corresponding numeric grades (1, 2, 3, 4, 5, 6, 426 and 7, respectively) assigned to them described the impact levels of the risks. The numeric 427 grades were used to defuzzify the membership function sets of the risk factors. 428
The third column of Table 6 shows the computation of to . Arranging the Zi values in 429 decreasing order of magnitude can determine the impact levels and ranks of the risk factors. 430
Consequently, the mean criticality score of a factor can be included in any of the seven bands 431 of the transformed rating scale in Table 4 . Risks with Zi values ≥ 4.51 are considered critical. 432
Based on the transformed measurement scale in Table 4 , a risk factor with Zi values < 4.51 433 belong to NC, VLC, LC, or MC. 434
435
[Insert Table 6 ] 436 437
Step 3: Compute the weighting functions of the risks 438
The weighting function denotes the relative criticality of a risk evaluated by the project 439 participants. In this research, the normalized mean method used (Yeung et Therefore, the normalized weighting function set is 446
The fifth column of Table 5 presents the weighting functions of the risks. Step 4: Determine the fuzzy vector of the project risk level 453
From the fuzzy evaluation matrix in Equation (3) and the weighting function set in 454 Equation (6), the following equation is employed to establish the fuzzy synthesis evaluation 455 result, namely, the evaluation vector: 456
where is the membership function of the denominator with respect to the fuzzy 459 evaluation vector = . The symbol refers to the fuzzy operation, which 460 is performed by various mathematical functions (Lo, 1999) . The accuracy of the assessment 461 results depends on a careful selection of the appropriate function to process Equation (7). In 462 the present study, the (weighted mean) function is selected. This function is defined 463 as follows (Hsiao, 1998) 
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In this regard, Equation (10) accounts for the influences of all the risks, which is suitable for 469 evaluating the contribution of risks from a general perspective (Hsiao, 1998) . 470
471
Therefore, by using Equation (8), the result of the fuzzy evaluation vector of the project risk 472 level becomes 473
474
. 475
476
Step 5: Defuzzify the fuzzy vector of the project risk level 477
After establishing the fuzzy evaluation vector in Step 4, the FRL of the NSDP project was 478 quantified by defuzzifying its membership function set through Equation (12). The risk score 479 of this project can be included in any of the seven bands of the risk levels in the last column of 480 Table 5 , which range from extremely risky (ER) to not risky (NR). 481
The key assumption of the aforementioned fuzzy-based analysis is that all seven respondents 483 are experienced in BOOT projects and highly familiar with the study project (Table 3) 
the risks should also be excluded from the 18-factor risk list. Also, Table 7 implies that the 501 items in our measurement scale measured the same underlying construct and that the scale is 502 reliable and has a good internal consistency. 503 504 [Insert Table 7 ] 505 506
Discussion 507
The assessment results provide two major conclusions. First, the global risk level of the NSDP 508 project is 5.43, which suggests that the 18 risks collectively have a critical impact on the cash 509 flow and viability of this project. Therefore, the NSDP project can be described as financially 510 risky (R) ( Table 5 ). This conclusion and the results clearly support the findings of previous 511 researchers that BOOT (water supply) projects are vulnerable to financial risks (Barnett, Lam and Chow, 1999). Therefore, effective mitigation measures should be implemented to 514 neutralize the adverse consequences of the assessed risks. Second, all the financial risk factors 515 are risky because their mean criticality ratings, which range from 5.14 ('critical') to 6.00 ('very 516 critical'), are greater than the 4.51 threshold. Table 6 shows that eight risks are included in the 517 'very critical' band, while the remaining 10 risks are found in the 'critical' band. The top five 518 risks are briefly discussed here because they have 'very critical' scores and because of the space 519 limitation in this paper. The discussion is supported with references to similar examples to 520 enrich our understanding of the risks. 521
522
The bankruptcy of consortium member(s) is assessed as the most critical risk with a 'very 523 critical' rating (Table 6 ). This risk informs public clients that the progress of a project can be 524 which demonstrated that a major aspect of the successful execution of the BOOT model is 597 raising financing. Therefore, financing risk requires innovative approaches to the financing and 598 security of private investments, such as providing government guarantees (foreign exchange 599 guarantees, interest subsidies, revenue guarantees, tariff guarantees, off-take agreements, tax 600 exemptions, and debt guarantees), sound contractual structures, and fair risk allocations. 601
602
The proposed fuzzy methodology provides useful implications for practitioners. Thismethodology is more suitable for the early phase of a BOOT or PPP project, as used for 604 prioritizing major risk events that require further analysis or action by management and for 605 measuring the NSDP's risk level. This process is important because it allows the determination 606 of risks for a detailed analysis and pricing in the later stages of a project. The proposed 607 methodology also has the advantage of minimizing subjectivity associated with the assessment 608 of risks by the experts. By using linguistic variables and appropriate fuzzy mathematical 609 algorithms, the weightings and memberships of all the risks are combined and transformed to 610 reduce imprecision and vagueness (Lo, 1999) . Therefore, the proposed method can improve 611 the accuracy of the risk evaluation results. 612 613
Limitations and further work 614
The main limitations of this research lie in the perception-based assessment of a set of financial 615 risks in a single case study and the small sample size of the risk assessment team of project 616
participants. The risk list may not be representative of all BOOT water supply projects risks in 617 the Ghanaian project environment. However, being the first BOOT project in the water sector, 618 it is crucial to study it in order to determine the important risk issues. Also, multiple methods, 619 including literature review and project documentary analysis, a discussion to review and 620 validate the shortlisted risks, expert risk rating exercise, and fuzzy set analysis, were used for 621 purpose of research validity. For a single case, the use of seven project participants with direct 622 experience with the project may be considered appropriate. This study's sample size was 623 similar to those of previous analyses. Thomas 
Conclusions and significance 646
The research aimed to identify and assess the critical financial risks associated with BOOT 647 water supply projects and to conduct an evaluation of the financial risk level of a selected 648 BOOT water project. The objectives were achieved by conducting a questionnaire survey on 649 the NSDP project in Ghana. A list of financial risks prepared based on review of literature and 650 project documentation were assessed by a team of seven participants with a direct involvement 651 in the project. A total of 18 risks were found to be 'very critical' or 'critical' to NSDP and this 652 has given an insight into the important financial risks faced by large-scale water projects in 653 developing countries. The research suggests the top-five critical risks to water BOOTs as 654 bankruptcy of consortium member(s), the unfavourable economy of the host country, the 655 uncertainty in the tariff adjustment of water products, restrictions on the rate of return, and the 656 availability problems of the private capital. 657
658
Results obtained from FSE analysis indicates the NSDP project is financially risky to the 659 project stakeholders. The generated risk index encapsulates effects of all the 18 critical risks 660 identified for the research. All these risks must be the initial focus of public and private sectors 661 if they are to effectively manage the risks associated with BOOT projects. The results further 662 suggest that several of the risks ranked most highly by the participants are directly associated 663 with the economic or financial environment in Ghana. These risks include the unfavorable 664 economy of the host country, availability problems of private sector capital, inflation rate 665 volatility, high construction costs, foreign exchange rate risk, etc. A country's economic 666 environment present significant risks to the infrastructure sector, given that such risks impact 667 on financial structures supporting project sustainability. 668
669
The results indicate that the FSE method can be used to evaluate and prioritize risks in BOOT 670 or PPP projects. The method does not always require a statistically significant sample size, and Risks not applicable to the NSDP project: 1. unpaid bills by customers; 2. supporting utilities risk; 3. design deficiency; 4. land unavailability; 5. water theft by consumers; 6. high bidding costs; and 7. technology risk 
